Injury or death of cells subjected to x-rays has been attributed to various physiological effects such as changes in metabolic rate, alterations in cytoplasmic viscosity and permeability, or the effect on enzymes (1). Scott coneludes that these physiological effects of x-rays are of secondary importance since very high doses are required to produce significant effects. The "primary" effect of radiation on dividing somatic cells does appear to be caused by physiological changes, but this effect is temporary (2) . Irradiation of meiotic cells of Orthoptera appears to produce no direct effect on the chromosomes and fragmentation does not occur until the nuclear membrane is broken down. This action is attributed to chemical changes induced in the cytoplasm (3) . The production of chromosomal aberrations by x-rays may be delayed for an hour in Tradescantia (4) or for several weeks following irradiation of Drosphila sperm (5) . This delayed action has led to the suggestion that these x-ray effects are indirect (6) .
Most of the recent work on x-ray effects supports the hypothesis of "direct hit" action. Henshaw (7) has shown that the lethal action of x-rays is produced by the direct effect on the cell nucleus. In both Tradescantia (4) and Drosophila (5) the dosage curves for chromosomal aberrations support the "direct hit" mechanism of x-ray action. This theory also is supported by time-intensity experiments (8) and by the differential action of x-rays and neutrons (9, 10) . These experiments are limited to x-ray effects on single cells.
The relative rSle of indirect physiological effects and of the "direct hit" mechanisms of x-ray action can be analysed by determining the effect of irradiation on subsequent sensitivity. If x-rays produce chemical changes which persist for a relatively long time, or initiate chromosome alterations which are effective in producing aberrations only at later stages in the nuclear cycle, then the effects of subsequent irradiation should be influenced by the previous irradiation.
The specificity of the types of chromosomal aberrations in Tradescantia microspores provides an opportunity for further analysis of x-ray effects on subsequent sensitivity. The duration of the nuclear cycle for tetrad formation to metaphase in the microspore is about I week. The chromosomes are in the resting stage for 5 or 6 days after meiosis and during this time x-rays produce alterations involving entire chromosomes. Cells rayed at prophase produce chromatid aberrations in which each sister chromatid behaves as an independent unit. The chromosome and chromatid aberrations can be differentiated readily (8) .
Two series of Tradescantia buds were irradiated. Series 1 was rayed during the resting stage and again at prophase 2 days later. The x-ray doses were 300 r and 150 r respectively. Series 2 was rayed only at prophase simultaneously with series I which received 150 r. The experiment was repeated several weeks later using doses of 200 r and 100 r respectively. The cells were fixed 24 hours after the prophase irradiation. Those rayed both at the resting stage and at prophase showed both chromosome and chromatid aberrations, while those rayed only at prophase had only chromatid aberrations at metaphase. The results of the two experiments were similar and the combined data are shown in Table I . It is evident that previous irradiation did not increase prophase sensitivity as measured by the frequency of chromatid breaks. The percentage of chromatid breaks was somewhat less in the series previously rayed in the resting stage as compared with the aberrations produced by raying only at prophase, although the difference is of doubtful statistical significance.
These results are in accord with the fractional dosage experiments where the maximum rest periods were 4 hours (8). Evidently there is no physiological effect of x-rays which will increase the subsequent sensitivity of the microspores after a period of several hours or several days.
The slight decrease in aberration frequency of the successively rayed microspores suggested further analysis of chromatid aberrations produced in previously irradiated cells. Previous investigations have shown that breaks in the chromosomes are not at random for all loci, but are more numerous in the proximal end of the chromosome arms (11) . This localization was attributed to the r61e of the centromere in controlling mechanical stresses in the coiled chromonemata. If the frequency of illegitimate unions of broken ends of chromosomes is in some degree controlled by the centromere, their acentric chromosome fragments should be relatively resistant to x-ray effects. This assumption was tested by another series of successive exposures.
Tradescantia microspores were irradiated during the resting stage and 3 days later at prophase. The doses were 300 r and 150 r respectively. The cells were fixed 24 hours after the second exposure. A total of 11,502 chromosomes was examined. Among these were 681 dicentric and ring chromosomes resulting from irradiation at the resting stage. Each of these dicentric and ring chromosomes was accompanied by an acentric fragment. The average length of the acentric fragments was somewhat more than a normal chromosome arm since effective breaks are more frequent in the proximal ends of chromosome arms. But, to be conservative, we will assume that effective breaks are at random and that the 681 acentric fragments are equivalent to 340 normal chromosomes. We have then the equivalent of 11,152 centric chromosomes and 340 acentric chromosomes as a result of the first irradiation. The second exposure produced only chromatid aberrations, a total of 1215. Of these 1211 were in the centric chromosomes and only 4 were in the acentric fragments. If chromatid aberrations were at random we would expect 26 of them in the acentric fragments. It is apparent that effective breaks are much more frequent in the centric chromosomes than in the acentric fragments. The initial breaks must be at random, but those which are involved in chromosomal aberrations are in some way controlled by the centromere so that more illegitimate fusions occur in the centric than in the acentric chromosomes. This effect of the centromere could be attributed to polarity and spatial relations in the case of fusions between chromatids of different chromosomes, but the simple deletions involving only sister chromatids at a given locus also appear to be associated with mechanical stress which is related to the centromere. Some of the differential sensitivity to x-rays in centric and acentric chromosomes might be attributed to heterochromatic regions near the centromere. Kaufmann (12) has found that the heterochromatic loci in Drosophila chromosomes are especially sensitive to breakage by x-rays. In Tradescantia, however, the proximal ends of the chromosome arms are only about twice as sensitive as the distal ends. Although the distal ends of chromosome arms constitute a large proportion of the acentric fragments, the frequency of chromatid aberrations in acentric chromosome fragments is only about a ninth of that found in the centric chromosomes, when calculated on the basis of comparative length. The decreased sensitivity of acentric fragments would result in a lower frequency of chromatid aberrations in the microspores which had been irradiated previously at the resting stage. This conclusion is in accord with the trend shown in Table I , although the differences are not statistically significant.
The "direct hit" mechanism of x-ray action on cells is supported by the following observations. The relation between single chromosome breaks and x-ray dosage is linear, there is no threshold effect, and the frequency of simple deletions is independent of the time-intensity factor (13, 8) . The frequency of chromosomal aberrations involving two breaks increases as the square of the dosage when x-ray intensity is held constant, but the exponent of the dosage curve approaches 1.0 as the x-ray intensity is decreased (8) . Fractional dosage decreases the frequency of complex aberrations (14, 8) . This behavior is attributed to restitution of broken chromosomes during the intervals between exposures, and the aberration frequency reaches a minimum when the rest periods are about an hour. Fractional dosage involving longer periods has no effect on subsequent sensitivity. Neutrons are more effective than x-rays in producing chromosomal aberrations (9) and in their lethal effect on bacteria (10) . The increased effectiveness in both cases is attributed to the greater ionization density produced by the neutrons. The lethal action of radiation of bacteria is attributed to the production of lethal mutations. In the case of chromosome aberrations the lethal effect can be attributed either to chromosome deficiencies associated with chromosomal aberrations or to lethal mutations. Since Henshaw has shown that the lethal action of x-rays is produced by the direct effect on the cell nucleus, it seems probable that the chromosomes are involved.
Although the major effect of x-rays appears to involve chromosome alterations produced by "direct hits," there is evidence of a general physiological effect. It has long been known that x-Iays produce a temporary cessation of nuclear activity (15) . The "primary" effect of x-rays which results in chromosome clumping at metaphase also is attributed to physiological changes (2) . These physiological effects are temporary and have a lethal effect only at very high doses. The production of alterations in meiotic cells of Orthoptera only when the nuclear membrane disintegrates at late prophase does suggest the production of some change in the cytoplasm (3), but the effect is similar to the primary effect of x-rays on dividing somatic cells.
The response of tissues to irradiation may involve more than the response of the individual cells, since injury to certain cells or physiological changes in the surrounding media may cause alterations which greatly change the behavior of cells not directly affected by irradiation. Such a response is indicated by the differences in x-ray sensitivity of different tissues or of different stages of the nuclear cycle (16) . According to Shields Warren 1 many tumors become much more resistant to x-rays during intermittent treatment for several months. This decreased sensitivity seems to be caused by changed physiological conditions resulting from previous irradiation. Most of the lethal effect of x-rays on chick embryos is attributed to indirect action, and particularly to effects on the circulatory system (17) .
The indirect physiological effects of x-rays also are found in irradiated onion seeds. If the germination of such seed is delayed, the chromosome aberration frequency is greatly increased (16) . This effect appears to be comparable to the effect of age.
s~Y
Irradiation of Tradescantia microspores does not increase subsequent sensitivity to x-rays as measured by the frequency of induced chromosomal aberrations curing the nuclear cycle. The slight decrease in sensitivity is to be expected because acentric fragments are less sensitive than the centric chromosomes. The physiological effects of x-rays appear to be of minor importance in causing injury or death of individual cells, and most of the deleterious effects can be attributed to "direct hits" which produce chromosomal alterations. In the reaction of tissues to x-rays the physiological effects may play a more important part.
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